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ABSTRACT

Two irradiation test vehicles have been desi gned,
fabricated, and inserted into the Advanced Test Reactor in
| daho. Irradiation of these experinents began in August
1997. These irradiation tests were designed to obtain
irradiation performance information on a variety of
potential new, high-density dispersion fuels. Each of the
two irradiation vehicles contains 32 "mcroplates.” Each
m croplate is alum num clad, having an al um num matri x
phase and contai ning one of the foll ow ng conpositions as
the fuel phase: U 10Mo, U 8Mb, U 6M, U 4Md, U 9Nb-3Zr, U
6Nb- 4Zr, U 5Nb-3Zr, U 6M-1Pt, U 6M-0.6Ru, U 10Md-0.05Sn
WM, or WSi,. These experinents wll be discharged at
peak fuel burnups of approximately 50 and 80 at.% U?°. O
particular interest are the extent of reaction of the fuel
and matri x phases and the fission gas retention/swelling
characteristics of these new fuel alloys. This paper
presents the design of the irradiation vehicles and the
irradi ation conditions.

INTRODUCTION

Since 1978, the devel opnent of high density fuels to enable
research and test reactors currently enploying high-enriched
uranium (HEU) fuels to convert to |low enriched uranium (LEU) has
been a maj or conponent of the U S. Reduced Enrichnent for Research
and Test Reactors (RERTR) program To be successful any fuel
conversion nmust be acconplished with little to no inpact on
reactor operations and core configuration. Prior devel opment work
|l eading to the qualification of UAl x-Al, WG-A and WS - Al
di spersion fuels has resulted in the conversion of about 20
reactors fromHEU to LEU. The uraniumsilicide dispersion fuel in
particular, having a density of 4.8 g-Ucn?, is viewed as adequate
to convert approximately 90% of all research reactors using HEU of
U S origin. The remaining 10% are awaiting the devel opnent of a
di spersion fuel of even higher density. The U S. RERTR programis



currently attenpting to devel op di spersion fuels having densities
in the range of 8 to 9 g-Uent [1].

The focus of the effort to devel op high-density dispersion
fuels thus far has been g-stabilized uraniumalloys in an al um num
matrix. The rationale for interest in this class of dispersion
fuel s has been presented by Meyer et al. [2]. To gain initial
fuel perfornmance data on a sanple of such g-stabilized urani um
all oy dispersion fuels, an irradi ation experinment has been
initiated in the Advanced Test Reactor (ATR) |ocated in |daho.
This experinment is scoping in nature, attenpting to gain
performance data on the followng ten (10) different uranium all oy
di spersion fuels: U 10Mb, U 8Mdb, U 6M, U 4Md, U 9Nb-3Zr, U- 6Nb-
4Zr, U-5Nb-3Zr, U 6M-1Pt, U 6M-0.6Ru and U 10Mo-0. 05Sn, where
all oying additions are expressed in weight percent. Also included
inthis test are the uraniuminternetallic conpound WMy, as well
as U3Si 2 which serves as a control fuel type having known
irradi ation behavior. Al fuels in this test are in an al um num
matri x and al um num cl addi ng. These twelve (12) fuel types are
contained in two irradiation vehicles, designated RERTR-1 and
RERTR-2. Both irradiation vehicles contain all fuel types except
one, in essentially the sanme configurations; the U 5Nb-3Zr fuel
type is not included in RERTR-2.

The fuels enployed in this test were fabricated in plate
form Due to the small size of the fuel plates, they are referred
to as "mcroplates.” The external dinensions of the mcroplates
are 3.000-in. in length, 0.875-in. in width, and 0.050-in. in
thickness (76 mMmx 22 mmx 1.3 mm). The fuel volune fraction
wi thin the dispersion region of the mcroplates is nomnally 25%
Detail regarding the design and fabrication of these mcropl ates
is reported el sewhere [3]. Full power irradiation of both
vehi cl es began on August 23, 1997.

IRRADIATION TEST VEHICLES

The irradiation vehicles RERTR-1 and RERTR-2 were designed to
occupy small I-hole positions |located radially outside the ATR
core. Though outside the core, these positions are exposed to a
relatively high thermal neutron flux, as wll be detailed in the
subsequent section. These |I-hole positions are vertical, 1.5-in.
(3.8 cm dianeter holes into which the irradiation vehicle is
placed. In this experinent, the irradiation vehicles consist of a
fl owt hrough "basket"” holding 8 vertically-stacked, flowthrough
capsul es. Each capsule holds four mcroplates in a configuration
such that the long dinension of the mcroplates is parallel to the
coolant flow Flowthrough spacers are included at both the top
and bottom of the stack of eight capsules to center the stack
about the axial mdplane of the 4.0-ft. (1.2 m) high core. Figure



1 is a schematic representation of the irradiation vehicles;
Figure 2 shows the mcroplate configuration within the flow
t hrough capsul es.

The fl owthrough capsul es are designated "A" through "H' in
RERTR-1 and "Z" through "S" in RERTR-2. Each capsul e hol ds four
fueled mcroplates for a total of 32 mcroplates in each
irradiation vehicle. Table 1 shows the configuration of the fuel
types within each irradiation vehicle and wthin each capsul e.

IRRADIATION TEST CONDITIONS

The two irradiation vehicles RERTR-1 and RERTR-2 are
currently undergoing irradiation in ATR capsul e positions 1-22 and
| -23, respectively. These test positions are |located in the
control drumregion of the ATR and are cool ed by the primry
reactor coolant. The nomnal primary coolant inlet tenperature
and pressure are 52;C and 2.5 MPa, respectively. Therm
hydraulic calculations indicate that the nean cool ant fl ow
velocity within the experinents is 915 cm sec, and that the total
flowrate through each I-hole position will be 2,570 cnB-H2Q sec.
At the maxi mum al | owabl e ATR power of 60 MWI obe, each
experinmental vehicle will generate approximately 35 kWof therma
power, resulting in a bulk coolant tenperature rise of |ess than
5iC through the experinents. A conservative hot-channel analysis
predi cts a maxi mum cool ant tenperature rise of 7{C. Table 2 shows
the calculated mcroplate thermal fluxes, powers, heat fluxes and
tenperatures for the RERTR- 1 experinent at full power and
begi nning-of-life (BOL); conditions for RERTR- 2 are virtually
identical. Normally, however, the ATR operates at | obe powers of
25 to 30 MW Thus, the mcroplate operating tenperatures of these
experinments are expected to remain |ow. Maxi mumthermal neutron
fl uxes experienced by all of the mcroplates will be in the range
of 2.0 to 3.0x1014 n/cnR-sec at BOL for full power operation.
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Figure 1. Schematic Diagram of Irradiation Vehicles (not to scale)

Figure 2. Flow-Through Capsule Holding 4 Microplates



Table 1. Mcroplate Configuration within RERTR-1 and RERTR- 2"

M cropl ate

Capsul e Desi gnati on Fuel Phase Conposition®
Designation | (RERTR-1 / RERTR-2) (RERTR-1 / RERTR-2)
Aor Z A1/ Z-1 WS, /I WS,

A-2 | Z-2 LM / UM
A-3 /] Z-3 U- 6Nb-4Zr / U 6Nb-4Zr
A-4 | Z-4 U-5Nb-3Zr / U 6Mo- 1Pt
BorY B-1/ Y-1 U 6M / U 6M
B-2/ Y-2 U- 6Mb- 1Pt / U 6Mo- 1Pt
B-3/ Y-3 U-10Mo / U-10Mb
B-4/ Y-4 U- 6Mb-0. 6Ru / U 6Mb-0. 6Ru
Cor X C1l1/ X1 WSi, / U3Si 2
G2/ X2 USi ,* / WsSi 5
C3/ X3 U-4Mb / U 10Mb-0. 05Sn
G4/ X-4 U-10Mo / U-6Mb-0. 6RuU
Dor W D1/ W1 U-10Mo / U-10Mb
D2/ W2 U- 10Mb- 0. 05Sn / U 10Mb- 0. 05Sn
D3/ W3 U-9Nb- 3Zr / U 9Nb- 3Zr
D4/ W4 U 8w / U 8Mo
E or V E-1/ V-1 U 6M / U 6M
E-2 / V-2 U- 6Mb- 1Pt / U 6Mo- 1Pt
E-3/ V-3 U-9Nb- 3Zr / U 9Nb- 3Zr
E-4 / V-4 U 8w / U 8Mo
F or U F-1/7 U1 U-10Mo / U-10Mb
F-2 / U2 U- 10Mb- 0. 05Sn / U 10Mb- 0. 05Sn
F-3/ U3 U 10M? / U 10Mo?
F-4 / U4 U-6Mb-0.6Ru / U-6Mb-0. 6Ru
Gor T G1l1/ T-1 U- 6Nb-4Zr / U 6Nb-4Zr
G2/ T-2 U-5Nb-3Zr / U 6M
G3/ T-3 LM / UM
G4/ T-4 U-10Mb / U 8Mo
Hor S H1/ S1 U 4Mo / U 4Mo
H2/ S2 USi ,* / WsSi 5
H3/ S3 U 10M? / U 10Mo?
H4 / S-4 U-10Mo / U-10Mb

Al l oy conpositions given in wt.% ®Atom zed all oy powder.

The experinental vehicle RERTR-1 is schedul ed to undergo two
reactor cycles totaling 91 days of irradiation (38 effective full
power days), being discharged fromthe reactor following a
shut down schedul ed for Novenber 30, 1997. The peak fuel burnup at
this time is expected to be ~50 at.% RERTR-2 will undergo five
reactor cycles totaling 231 days of irradiation (96 effective full




power days).

D scharge of RERTR-2 is anticipated to occur

followi ng reactor shutdown in May of 1998 at a peak fuel burnup of
~80 at. %
Table 2. Calcul ated Steady-State Fuel Conditions at 60MWV Lobe
Power for RERTR-1 at Begi nni ng-of-Life.

Ther nal Heat Cl addi ng | Fuel -C ad Fuel
M cr o- Fl ux Power Fl ux Surf ace Interface| Central
plate | (n/cnfsec) (W (Wen2) | Tenp. (°C) | Tenp. (°C) | Tenp. (°C)
A1 2.2x10™ 713. 2 93.8 72.6 75.1 76. 4
A-2 2. 1x10™ 894.7 92.5 77.8 80.9 82.6
A-3 2. 0x10™ 793.5 82.0 74.9 7.7 79.1
A-4 2.2x10™ 900. 8 93.1 78.0 81.1 82.7
B-1 2.6x10™ 1062. 7 139. 8 82.7 86. 4 88. 2
B- 2 2.6x10™ 1129. 2 116. 7 84.6 88.5 90. 5
B-3 2.5x10™ 1068. 4 110. 4 82.8 86. 6 88.4
B-4 2.5x10™ 1062. 6 109. 8 82.7 86. 4 88. 2
C1 2.9x10™ 946. 8 124. 6 79.3 82.6 84.4
C2 2.9x10™ 967. 2 99.9 79.9 83.3 85.1
C3 2.9x10™ 1247. 8 128. 9 88.0 92.4 94.5
C4 2.6x10™ 1125. 3 116. 3 84.5 88.4 90. 4
D1 3. 0x10™ 1245. 4 163. 9 87.9 92.3 94.5
D2 2.9x10™ 1181. 2 122.1 86.1 90. 2 92.3
D3 2.9x10™ 1110.1 114. 7 84.0 87.9 89.8
D-4 3. 0x10™ 1221. 3 126. 2 87.2 91.5 93. 6
E-1 3. 0x10™ 1290.5 169. 8 89.2 93.7 96.0
E-2 2.9x10™ 1212. 4 125. 3 87.0 91.2 93.3
E-3 3. 1x10™ 1229.9 127.1 87.5 91.8 93.9
E-4 3. 0x10™ 1256. 1 129. 8 88.3 92.6 94. 8
F-1 3. 1x10™ 1250.5 164.5 88.1 92.5 94. 6
F-2 3. 1x10™ 1263. 1 130.5 88.5 92.9 95.1
F-3 2.9x10™ 1169.5 120. 9 85.8 89.8 91.9
F-4 3. 0x10™ 1253. 4 129.5 88. 2 92.5 94.7
G1 2. 8x10™ 1122. 3 147.7 84.4 88.3 90. 3
G2 2. 8x10™ 1144.9 118. 3 85.0 89.0 91.0
G3 2.6x10™ 1098. 0 113.5 83.7 87.5 89.4
G4 2. 8x10™ 1224.9 126. 6 87.4 91.6 93.8
H 1 2. 4x10™ 978. 4 128. 7 80. 2 83.7 85.5
H 2 2.5x10™ 746. 4 77.1 73.5 76. 1 77.5
H 3 2. 3x10™ 953. 6 98.5 79.5 82.9 84.5
H 4 2.6x10™ 1085. 6 112.2 83.3 87.1 89.0




POSTIRRADIATION EXAMINATION

Fol | owi ng di scharge of the experinental vehicles, the baskets
Wil be stored in the ATR canal for a 30- to 60-day cooling
period. The baskets will then be dismantled in the ATR canal.
The ei ght capsules containing the mcroplates will be | oaded into
a CE-100 cask for transport to the Al pha-Gamma Hot Cell Facility
(AGHCF) at Argonne National Laboratory (ANL) in Chicago.
Postirradi ati on exam nations to be conducted at the AGHCF incl ude
m cropl ate di nensi onal characterization, gamm-ray spectroscopy,
swel | i ng neasurenents and netal | ography. Sanples for burnup
measurenents will be taken and sent to ANL-West in |daho for
anal ysi s.

CONCLUSION

Two virtually identical dispersion fuel experinents are
currently undergoing irradiation in the Advanced Test Reactor in
| daho. Ten high-density, alum numclad, netallic uranium all oy
m cropl ate dispersion fuels are to be irradiated to burnups of
approximately 50 and 80 at.% Additionally, U2M-A and U3Si 2- Al
di spersion fuels are included in each experinent. The
postirradi ati on exam nation of these experinental fuels wll
provide the first glinpse of the irradiation performance of high-
density uraniumalloy dispersion fuels. It is currently these
alloys that hold the prom se of a potential new dispersion fuel
havi ng a density approaching 9 g-UcnB. The first data fromthe
50 at.% burnup fuels is expected to be avail able during the spring
of 1998; data fromthe 80 at. % burnup fuels will follow during
that fall. A subsequent, nore refined irradiation experinent
focusi ng on those fuel types that appear nost prom sing fromthe
RERTR-1 and RERTR-2 experinents is envisioned and wll be
finalized as soon as the initial data fromthe postirradiation
exam nations has been anal yzed.
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